Background
The most commonly used psoriasis outcome measures do not individually capture all aspects of psoriatic disease and are of limited use in clinical practice. 1 Specifically, Psoriasis Area and Severity Index (PASI) is considered impractical for everyday clinical practice because it is complicated to calculate, difficult to interpret, time consuming, and insensitive in mild psoriasis. 2 Physician Global Assessment (PGA) is more practical; however, its value as a stand-alone instrument is limited because it does not assess the extent of body surface involvement. Likewise, Body Surface Area (BSA) is not suitable as a sole outcome measure because it does not measure the quality or morphology of lesions. In an evolving climate of outcomebased clinical practice, 3 there remains an unmet need for a practical, uniform, validated, and standardized outcome measure of psoriasis for use in both clinical practice and clinical trials. 1, [4] [5] [6] The product of PGA and BSA (PGA × BSA) has previously been reported by our group as a simple and sensitive instrument for measuring psoriasis severity. 2 However, response to therapy could not be assessed in that observational registry study because the participants were on many different therapies and were not evaluated at predefined time intervals, which would be necessary for evaluating response to therapy over time. Additionally, the previous study was limited because of low numbers of participants with severe psoriasis. PGA × BSA, also known as Simple-Measure for Assessing Psoriasis Activity, is increasingly being used as a simple measure for psoriasis severity. [7] [8] [9] [10] [11] The objective of this post hoc analysis was to evaluate PGA × BSA as a simpler alternative to PASI for measuring psoriasis severity and response to therapy.
Methods

Study design
Data were pooled from two randomized, controlled trials, PRIS-TINE (NCT00663052) 12 and PRESTA (NCT00245960), 13 in patients with moderate-to-severe psoriasis. These two studies were selected for the current analysis because participants were on a predefined treatment regimen and PASI, PGA, and BSA measurements were recorded at weeks 0, 12, and 24 in both studies, thus allowing analysis of PGA × BSA as a static measure of disease activity at baseline and as a measure of response to therapy over time. The study design and primary outcomes of both trials have been described in detail previously. 12, 13 Patients received double-blind etanercept 50 mg twice weekly or once weekly for 12 weeks, then open-label etanercept 50 mg/week for 12 weeks. This retrospective analysis was conducted on the pooled etanercept 50 mg/ week group in the modified intention-to-treat population at baseline, and weeks 12 and 24.
Both trials were conducted in accordance with the ethical principles of the Declaration of Helsinki and all patients signed and dated an approved informed consent form prior to participation in the trial. Regional Institutional Review Boards (IRBs)/Independent Ethics Committees (IECs) reviewed and approved the study protocols (Table S1) .
Assessments
PGA was a global assessment of all lesions scored on a scale of 0-5 in both trials, with 0 representing clear skin, 1 almost clear skin, and 5 representing severe psoriasis. 12, 13 BSA was defined as the percent of BSA involvement, where 1% is approximately the area of the patient's handprint. The PASI score consisted of the sum of the erythema, induration, and desquamation for each body region, multiplied by weighted area scores.
14 Patient Global Assessment (PtGA) was scored on a scale of 1-100 in the PRESTA study and 0-5 in the PRISTINE study. The scale for PtGA in the PRESTA study was converted from 0-100 to 0-5 by dividing by 20. The Dermatology Life Quality Index (DLQI) is a validated patient-reported instrument that contains 10 questions used to assess the impact of skin disease on health-related quality of life and daily activities, with total scores ranging from 0 to 30 and higher scores indicating greater impairment of quality of life. 15 
Statistical analysis
PASI was used as the reference standard since it is frequently used as an efficacy endpoint in clinical trials and has been widely considered as the standard for measuring psoriasis severity. Means and standard deviation (SD), medians, frequencies, and percentages were used to describe samples. Chi-square or Fisher's exact tests were performed to compare categorical variables, and one-way analysis of variance with treatment as a factor was used to compare continuous variables.
Correlations between PASI and PGA × BSA were evaluated using Spearman correlation coefficients. Agreement was evaluated with intra-class correlation coefficients (ICCs), scatterplots, Bland-Altman plots, and Cohen's Kappa coefficients. For the Spearman correlation coefficients and ICCs, values of 0.30-0.50, 0.50-0.70, 0.70-0.90, and ≥0.90 roughly correspond to low, moderate, high, and very high correlation or agreement, respectively. ICCs differ from Spearman correlations in that ICCs take into account both correlation and the difference in values, whereas Spearman correlations take into account only the correlation. For example, parameter 1 might have values of 1, 2, 3, and parameter 2 might have values of 3, 4, 5. Spearman coefficients would give a correlation of 1.0 (perfectly correlated with identically sloping lines). However, the ICC would be lower because it also takes into account the differences in the values (the lines are not superimposed).
For each assessment, responsiveness to change was assessed using effect size estimates, with larger effect size indicating greater responsiveness to change. Effect size was calculated as the difference between the post-baseline mean and the baseline mean scores divided by the baseline SD.
Scatterplots and Bland-Altman plots were used to visually detect systemic differences and trends between PASI and PGA × BSA. In order to make the instruments comparable, PGA × BSA (scale 0-500) needed to be placed on the same scale as PASI (0-72) by dividing all PGA × BSA values by a constant factor (6.94) for some of the analyses. For scatterplots, the diagonal line represents the line of agreement, and data points that are dispersed above or below this line would indicate that PGA × BSA underestimates or overestimates psoriasis severity, respectively, when PASI is used as the reference standard. For Bland-Altman plots, the differences between PASI and PGA × BSA were plotted against the averages of these two assessments, along with vertical lines to denote the mean difference and its 95% limit of agreement (defined as the mean difference ±1.96*SD). Good agreement is indicated in a Bland-Altman plot by a small mean difference and low dispersion around the mean difference line and no apparent correlation between the average and the difference. Increasing or decreasing trends in the Bland-Altman plots would indicate that the level of agreement differs across the range of instrument scores.
Concordance between PASI50/75/90 and PGA × BSA50/75/90 was defined as the percentage of patients achieving specific outcomes as measured by each instrument; that is, the percentage of patients who achieved > PASI50/75/90 and >50/75/90% improvement for PGA × BSA (PGA × BSA50/75/90) plus the percentage of patients who were below the threshold for both measures (< PASI50/75/90 and < PGA × BSA50/75/90).
Correlations between PGA × BSA and BSA, PGA, PtGA, and DLQI were evaluated using Spearman correlation coefficients at baseline, week 12, and week 24.
The data analysis software UNIX SAS ® version 9.2 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.
Results
The mean age in the pooled patient group (N=510) was 46.1 years and 64.9% of patients were male. The mean duration of psoriasis was 18 years and the median BSA involvement was 22.0% (Table 1) . Spearman correlation coefficients (Table 2) for PASI versus PGA × BSA were statistically significant (P<0.0001) and ranged from 0.78 (baseline) to 0.90 (week 24). ICC coefficients ranged from 0.76 to 0.85 (Table 2) .
Scatterplots between PASI and PGA × BSA at baseline and week 24 are shown in Figure 1A and B, respectively. Most of the data points fell above the line of agreement at 
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Walsh et al the low end of the scale and below the line of agreement at the high end of the scale, demonstrating that psoriasis was rated more severely with PASI than scaled PGA × BSA at the low end of the scale and less severely at the high end. The magnitude of agreement between the instruments was further quantified with Bland-Altman plots at baseline ( Figure 2A ) and week 24 ( Figure 2B ). At both time points, as the average increased, a decreasing trend from positive to negative differences and more observations falling below the expected 95% lower bound of agreement can be seen. Concordance between PASI50/75/90 and PGA × BSA50/75/90 at week 12 and week 24 is shown in Figure  3 . An overall concordance >80% (that is, agreement, which included both PASI50/75/90 and PGA × BSA50/75/90 response and nonresponse) was achieved at both week 12 and 24. Among the patients who were discordant (that is, disagreement, which included both underrated and overrated responses), a greater percentage of patients achieved improvement with PGA × BSA50/75/90 than with PASI50/75/90 (overrated), at all time points except at week 12 for PGA × BSA50. Cohen's Kappa coefficients ranged from 0.58 to 0.69 at week 12 and from 0.63 to 0.67 at week 24 (all P<0.0001).
Spearman correlation coefficients between PGA × BSA and other measures of psoriasis (Table 3 ) indicated very high correlations for PGA × BSA versus BSA, moderate to high correlations for PGA × BSA versus PGA, and low to moderate correlations for PGA × BSA versus PtGA and DLQI.
Discussion
The aim of this study was to evaluate the use of PGA × BSA as an alternative to PASI for measuring psoriasis severity and response to therapy. The results demonstrated strong correlation (from Spearman correlation coefficients) and strong agreement (from ICC statistics) between PASI and PGA × BSA in measuring psoriasis severity. [16] [17] [18] Additionally, the correlations found between PASI and PGA × BSA in this study (r=0.78-0.90) are consistent with those in our earlier study (r=0.87 in all patients) 2 as well as those reported in a recent post hoc analysis of data from the ESTEEM 1 and 2 studies (r=0.74-0.84). 10 The ICCs in the current study (ICC =0.76-0.85) were also similar to those reported in the ESTEEM studies (ICC =0.80-0.92).
10
This study is unique in evaluating PGA × BSA and PASI scores across the range of psoriasis severity. The scatterplots show that PGA × BSA underestimates psoriasis severity relative to PASI for the low end of the scale and it overestimates psoriasis severity relative to PASI for the high end of the scale. This is supported by the Bland-Altman plots, which show that the differences between PGA × BSA and PASI are not constant across the range of measurement. While the magnitude of these differences was not large, PGA × BSA should not be considered an exact surrogate for PASI. The high rate of concordance (81.5%-91.7%) and corresponding Kappa statistics showed that there was good agreement between PGA × BSA50/75/90 and PASI50/75/90. 18, 19 PASI50/75/90 and PGA × BSA50/75/90 concordance and discordance data 
69
PGA × BSA alternative for psoriasis assessments from this study were in a similar range to those reported at week 16 in the ESTEEM studies. 10 In this study, PGA × BSA had strong correlations with the component measure BSA, moderate/strong correlations with the component measure PGA, and low/moderate correlations with patient-reported measures (PtGA and DLQI), which has also been reported in other studies. 9, 10 The strong correlations between PGA × BSA and BSA demonstrated that PGA × BSA and BSA measure psoriasis severity similarly at the population level. However, on an individual level, PGA × BSA would be better at differentiating disease severity with regard to different plaque morphologies. For example, patient A with severe plaque morphology (PGA of 4) over a surface area of 10% will have a PGA × BSA score of 40 and a BSA of 10%, whereas patient B with mild plaque morphology (PGA 1) and identical surface area will have a lower PGA × BSA score of 10, but an identical (non-differentiating) BSA of 10%. The ability of PGA × BSA to capture changes in both plaque morphology and surface area is particularly important when measuring response to treatment, since plaque morphology and area may improve at different rates after treatment initiation.
This study was limited because inter-rater reliability, used to assess the degree to which different raters give consistent estimates of the same phenomenon, and test-retest reliability, used to assess the consistency of a measure from one time to another, were not assessed. These reliability analyses were not feasible because the same ratings were not given by different observers and the same test was not given twice in a short period of time. However, some information on this is already available; a systematic review of outcome measures for psoriasis reported moderate inter-rater reliability for PASI and PGA, high inter-rater reliability for BSA, and limited test-retest reliability for PASI, BSA, and PGA. 4 Future studies should include evaluation of PGA × BSA (including response to change) in patients with mild-tomoderate psoriasis. Our expectation is that PGA × BSA will be more sensitive than PASI to differences in BSA in these patients. In our previous publication, we gave an example of two patients with identical PGA scores of 3; patient 1 had 
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Walsh et al erythema 3, induration 3, and desquamation 3 and a BSA of 1%, and patient 2 had identical lesion severity scores but a BSA of 9%; they would have an identical PASI score of 9 as both BSA values would come under the <10% range and thus be considered equal in the calculation. 2 In contrast, PGA × BSA scores would reflect their different disease states, with a score of 3 for patient 1 and 27 for patient 2. This sensitivity is most pronounced with mild disease, since there is a larger relative difference between 9% and 1% BSA (9× greater BSA) than between 29% and 21% BSA (1.4× greater BSA). PASI is limited by unequally distributed area score groupings that are not consistently sensitive 
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PGA × BSA alternative for psoriasis assessments to clinically meaningful differences in area involvement (for example, 1 for up to 10% BSA, 2 for 10%-29%, 3 for 30%-49%, 4 for 50%-69%, 5 for 70%-89%, and 6 for ≥90%). With PGA × BSA, this limitation is avoided with a continuous area score (for example, 0%-100%), which enables improved monitoring of treatment efficacy over time in clinical practice. Under some circumstances, the PGA × BSA score may be the same despite different combinations of PGA and BSA: for example, a PGA of 5 and BSA of 4 versus PGA of 1 and BSA of 20 (PGA × BSA is 20 for both). For such patients, the PGA × BSA score can easily be deconstructed into component scores to facilitate clinical judgment.
Conclusion
In conclusion, PGA × BSA is a sensitive tool for assessing psoriasis severity and response to therapy. While not interchangeable, PGA × BSA and PASI had high agreement, and PGA × BSA has the advantage of being practical for use in both clinical practice and clinical trials. 
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